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the residual mass measured by the ref-
erence method sampler for several 
specified clean air sampling time peri-
ods. 

(g) Test data. All test data and other 
documentation obtained from or perti-
nent to these tests shall be identified, 
dated, signed by the analyst per-
forming the test, and submitted to 
EPA as part of the equivalent method 
application. Schematic drawings of 
each particle delivery system and other 
information showing complete proce-
dural details of the test atmosphere 
generation, verification, and delivery 
techniques for each test performed 
shall be submitted to EPA. All perti-
nent calculations shall be clearly pre-
sented. In addition, manufacturers are 
required to submit as part of the appli-
cation, a Designation Testing Check-
list (Figure F–1 of this subpart) which 
has been completed and signed by an 
ISO-certified auditor. 

[62 FR 38814, July 18, 1997, as amended at 71 
FR 61295, Oct. 17, 2006] 

§ 53.61 Test conditions. 
(a) Sampler surface preparation. Inter-

nal surfaces of the candidate sampler 
shall be cleaned and dried prior to per-
forming any Class II sampler test in 
this subpart. The internal collection 
surfaces of the sampler shall then be 
prepared in strict accordance with the 
operating instructions specified in the 
sampler’s operating manual referred to 
in section 7.4.18 of 40 CFR part 50, ap-
pendix L. 

(b) Sampler setup. Set up and start up 
of all test samplers shall be in strict 
accordance with the operating instruc-
tions specified in the manual referred 
to in section 7.4.18 of 40 CFR part 50, 
appendix L, unless otherwise specified 
within this subpart. 

(c) Sampler adjustments. Once the test 
sampler or samplers have been set up 
and the performance tests started, 
manual adjustment shall be permitted 
only between test points for all appli-
cable tests. Manual adjustments and 
any periodic maintenance shall be lim-
ited to only those procedures pre-
scribed in the manual referred to in 
section 7.4.18 of 40 CFR part 50, appen-
dix L. The submitted records shall 
clearly indicate when any manual ad-
justment or periodic maintenance was 

made and shall describe the operations 
performed. 

(d) Sampler malfunctions. If a test 
sampler malfunctions during any of the 
applicable tests, that test run shall be 
repeated. A detailed explanation of all 
malfunctions and the remedial actions 
taken shall be submitted as part of the 
equivalent method application. 

(e) Particle concentration measure-
ments. All measurements of particle 
concentration must be made such that 
the relative error in measurement is 
less than 5.0 percent. Relative error is 
defined as (s × 100 percent)/(X), where s 
is the sample standard deviation of the 
particle concentration detector, X is 
the measured concentration, and the 
units of s and X are identical. 

(f) Operation of test measurement equip-
ment. All test measurement equipment 
shall be set up, calibrated, and main-
tained by qualified personnel according 
to the manufacturer’s instructions. All 
appropriate calibration information 
and manuals for this equipment shall 
be kept on file. 

(g) Vibrating orifice aerosol generator 
conventions. This section prescribes 
conventions regarding the use of the 
vibrating orifice aerosol generator 
(VOAG) for the size-selective perform-
ance tests outlined in §§ 53.62, 53.63, 
53.64, and 53.65. 

(1) Particle aerodynamic diameter. The 
VOAG produces near-monodisperse 
droplets through the controlled break-
up of a liquid jet. When the liquid solu-
tion consists of a non-volatile solute 
dissolved in a volatile solvent, the 
droplets dry to form particles of near- 
monodisperse size. 

(i) The physical diameter of a gen-
erated spherical particle can be cal-
culated from the operating parameters 
of the VOAG as: 

EQUATION 1 

Dp
vol= ⎛
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  fπ
where: 

Dp = particle physical diameter, μm; 
Q = liquid volumetric flow rate, μm3/sec; 
Cvol = volume concentration (particle volume 

produced per drop volume), 
dimensionless; and 
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f = frequency of applied vibrational signal, 1/ 
sec. 

(ii) A given particle’s aerodynamic 
behavior is a function of its physical 
particle size, particle shape, and den-
sity. Aerodynamic diameter is defined 
as the diameter of a unit density (ro = 
1g/cm3) sphere having the same settling 
velocity as the particle under consider-
ation. For converting a spherical par-
ticle of known density to aerodynamic 
diameter, the governing relationship 
is: 

EQUATION 2 

D
C D

C
ae

p D p

o Dae

p=
ρ

ρ
where: 
Dae = particle aerodynamic diameter, μm; 
rp = particle density, g/cm3; 
ro = aerodynamic particle density = 1 g/cm3; 
CDp = Cunningham’s slip correction factor for 

physical particle diameter, 
dimensionless; and 

CDae = Cunningham’s slip correction factor 
for aerodynamic particle diameter, 
dimensionless. 

(iii) At room temperature and stand-
ard pressure, the Cunningham’s slip 
correction factor is solely a function of 
particle diameter: 

EQUATION 3 

C
D DDae
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or 

EQUATION 4 
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(iv) Since the slip correction factor is 
itself a function of particle diameter, 
the aerodynamic diameter in equation 
2 of paragraph (g)(1)(ii) of this section 
cannot be solved directly but must be 
determined by iteration. 

(2) Solid particle generation. (i) Solid 
particle tests performed in this subpart 
shall be conducted using particles com-
posed of ammonium fluorescein. For 
use in the VOAG, liquid solutions of 

known volumetric concentration can 
be prepared by diluting fluorescein 
powder (C20H12O5, FW = 332.31, CAS 
2321-07-5) with aqueous ammonia. 
Guidelines for preparation of fluores-
cein solutions of the desired volume 
concentration (Cvol) are presented by 
Vanderpool and Rubow (1988) (Ref-
erence 2 in appendix A of this subpart). 
For purposes of converting particle 
physical diameter to aerodynamic di-
ameter, an ammonium fluorescein den-
sity of 1.35 g/cm3 shall be used. 

(ii) Mass deposits of ammonium fluo-
rescein shall be extracted and analyzed 
using solutions of 0.01 N ammonium 
hydroxide. 

(3) Liquid particle generation. (i) Tests 
prescribed in § 53.63 for inlet aspiration 
require the use of liquid particle tests 
composed of oleic acid tagged with 
uranine to enable subsequent 
fluorometric quantitation of collected 
aerosol mass deposits. Oleic acid 
(C18H34O2, FW = 282.47, CAS 112-80-1) has 
a density of 0.8935 g/cm3. Because the 
viscosity of oleic acid is relatively 
high, significant errors can occur when 
dispensing oleic acid using volumetric 
pipettes. For this reason, it is rec-
ommended that oleic acid solutions be 
prepared by quantifying dispensed oleic 
acid gravimetrically. The volume of 
oleic acid dispensed can then be cal-
culated simply by dividing the dis-
pensed mass by the oleic acid density. 

(ii) Oleic acid solutions tagged with 
uranine shall be prepared as follows. A 
known mass of oleic acid shall first be 
diluted using absolute ethanol. The de-
sired mass of the uranine tag should 
then be diluted in a separate container 
using absolute ethanol. Uranine 
(C20H10O5Na2, FW = 376.3, CAS 518-47-8) 
is the disodium salt of fluorescein and 
has a density of 1.53 g/cm3. In preparing 
uranine tagged oleic acid particles, the 
uranine content shall not exceed 20 
percent on a mass basis. Once both 
oleic acid and uranine solutions are 
properly prepared, they can then be 
combined and diluted to final volume 
using absolute ethanol. 

(iii) Calculation of the physical di-
ameter of the particles produced by the 
VOAG requires knowledge of the liquid 
solution’s volume concentration (Cvol). 
Because uranine is essentially insol-
uble in oleic acid, the total particle 
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volume is the sum of the oleic acid vol-
ume and the uranine volume. The vol-
ume concentration of the liquid solu-
tion shall be calculated as: 

EQUATION 5 

C
V V

V

M M

Vvol
u oleic

sol

u u oleic oleic

sol

=
+

=
( ) + ( )ρ ρ

where: 

Vu = uranine volume, ml; 
Voleic = oleic acid volume, ml; 
Vsol = total solution volume, ml; 
Mu = uranine mass, g; 
ru = uranine density, g/cm3; 
Moleic = oleic acid mass, g; and 
roleic = oleic acid density, g/cm3. 

(iv) For purposes of converting the 
particles’ physical diameter to aero-
dynamic diameter, the density of the 
generated particles shall be calculated 
as: 

EQUATION 6 

ρ
ρ ρp

u oleic
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(v) Mass deposits of oleic acid shall 
be extracted and analyzed using solu-
tions of 0.01 N sodium hydroxide. 

[62 FR 38814, July 18, 1997; 63 FR 7714, Feb. 17, 
1998] 

§ 53.62 Test procedure: Full wind tun-
nel test. 

(a) Overview. The full wind tunnel 
test evaluates the effectiveness of the 
candidate sampler at 2 km/hr and 24 
km/hr for aerosols of the size specified 
in table F–2 of this subpart (under the 
heading, ‘‘Full Wind Tunnel Test’’). 
For each wind speed, a smooth curve is 
fit to the effectiveness data and cor-
rected for the presence of multiplets in 
the wind tunnel calibration aerosol. 
The cutpoint diameter (Dp50) at each 
wind speed is then determined from the 
corrected effectiveness curves. The two 
resultant penetration curves are then 
each numerically integrated with three 
idealized ambient particle size dis-
tributions to provide six estimates of 
measured mass concentration. Critical 
parameters for these idealized distribu-

tions are presented in table F–3 of this 
subpart. 

(b) Technical definitions. Effectiveness 
is the ratio (expressed as a percentage) 
of the mass concentration of particles 
of a specific size reaching the sampler 
filter or filters to the mass concentra-
tion of particles of the same size ap-
proaching the sampler. 

(c) Facilities and equipment required— 
(1) Wind tunnel. The particle delivery 
system shall consist of a blower system 
and a wind tunnel having a test section 
of sufficiently large cross-sectional 
area such that the test sampler, or por-
tion thereof, as installed in the test 
section for testing, blocks no more 
than 15 percent of the test section area. 
The wind tunnel blower system must 
be capable of maintaining uniform 
wind speeds at the 2 km/hr and 24 km/ 
hr in the test section. 

(2) Aerosol generation system. A vibrat-
ing orifice aerosol generator shall be 
used to produce monodisperse solid 
particles of ammonium fluorescein 
with equivalent aerodynamic diame-
ters as specified in table F–2 of this 
subpart. The geometric standard devi-
ation for each particle size generated 
shall not exceed 1.1 (for primary par-
ticles) and the proportion of multiplets 
(doublets and triplets) in all test par-
ticle atmosphere shall not exceed 10 
percent of the particle population. The 
aerodynamic particle diameter, as es-
tablished by the operating parameters 
of the vibrating orifice aerosol gener-
ator, shall be within the tolerance 
specified in table F–2 of this subpart. 

(3) Particle size verification equipment. 
The size of the test particles shall be 
verified during this test by use of a 
suitable instrument (e.g., scanning 
electron microscope, optical particle 
sizer, time-of-flight apparatus). The in-
strument must be capable of measuring 
solid and liquid test particles with a 
size resolution of 0.1 μm or less. The ac-
curacy of the particle size verification 
technique shall be 0.15 μm or better. 

(4) Wind speed measurement. The wind 
speed in the wind tunnel shall be deter-
mined during the tests using an appro-
priate technique capable of a precision 
of 2 percent and an accuracy of 5 per-
cent or better (e.g., hot-wire 
anemometry). For the wind speeds 
specified in table F–2 of this subpart, 
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